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TECHNICAL PlgLD 

£0001J The present invention relates to' methods for purging catechlns by 
electnxJIalysls. and • for reducing the electrical resistance on an uncha,ged 
membrane. The present invention also relates to the use of an uncharged membrane 
in a membrane anangement for electrodialysis and to an electrodlatysis apparatus 
comprising the sane. 

* 

BACKGR OUND OF TUP. INVEMTiOM 

100021 Elechiodialyslsis (ED) is a membrane separation process In vvhieh ions 
species are induced Id move by an electrical potential and are separated from water, 
macrosolutes and all uncharged solutes by nteans of ion-exchange membranes. 

[0003] lon^xchange membranes are traditionaiiy highly distended gels containing 
polymers with a fixed ionic charge, allowing passage of anions or cations and very 
little else. To enlarge the use of ED purification to a wide range of molecules, ion- 
axchange membranes require optlmteatlon. It is however acknowledged that such 
optimisation involves m^ors tradeoffs between electrical resistance, selectivity and 
mechanical properties. This means that the membrane must be conductive to 
counterions and do not unduly restrict their passage through the membrane. For 
example, mechanical properties are improved with cross-link density, but so does 
the electrical resistance. 

■ 

lOOOfl Since most of the ED membranes are made by chemical modification of 
polymers or by polymerization of functional monomers and cross linking agents, the 
pores formed by the inlerstio^ virithin the polymer have a random size and do not 
allow the purification of molecules based on their size. At the opposite, diafysis, 
ultrafiltration and nanofiltration membranes allows the purification of molecule^ 
based on size. They however appear useless in ED since their electrical resistance 
in an ED system would be inappropriately high. The purification of molecules based 
on their size and ED are therefbre most of the time performed separately. U.$ 
Patents 4.043.896 and 4.123.342. Assignee Aqa^hem. Inc. report an ultrafiltration 
and electrodialysis method and apparatus. These patents parttoulariy report a 
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method and apparatus in which a solution to be treated is fed to one side of an 
uttrafiltrataon membrane cell, a concentration solution is delivered between a cation- 
selective and an ion-non^ective membrane, and an electric field is applied across 
the ED ceH assembly* The ultrafiltration step sperates proteins whfle the application 
of an electric field increases demtneralisafion of the solufion. The inventions 
described in these patents however have important drawbacks since they combine 
two distinct processes within the same apparatus. Indeed, the ultrafiltration process 
Is generated by a pressure of 10 to 100 psi, exerted on the UF membrane, which 
therefore requires the membrane to be thidcer in order to be resistant enough. 
Consequently, the overall resistance of -the system is sighificanHy increased. For 
example, such a system requires 6mm*thick ultrafittfation membranes tiiat generate 
an overall resistance of 3.4 ohm-cm^ in 1 .ON Nad. Therefore, this system is very 
demanding on energy consumption and is less interesting for Industrial purposes. 

[0005] As a consequence of tiie compromises between electrical resistance, 
selectivity and mechanical pfopeities, ED has its greatest use in removing ions from 
solutions* such as salt from backish water and has not been used to purrfy molecules 
based on their size, even though it could theoricdily have been done with numerous 
charged molecules. 

• 

[0006] Catechins are colourtess, water-soluble compounds that belong to flavoncrids, 
a dass of plant secondary metabolites widely distributed in the plant kingdom. Due 
to the presence of one or more electrical charges on the catechins molecule, ED 
would seem to have potential for extracting these compounds from green tea 
brevwng. indeed, the presence of hydroxyl groups on catechins and of ester groups 
on gallated catechins implies the possible presence of anionic dtarges at designated 
pH value. By drculating a green tea solution in an electrodiaiysis apparatus, it may 
be possible to use the driving force of the etectrrcal fiefd to force the catechins to 
migrate through the membrane out of the main body of the solution. 

[0007] Since methods for purifying catechins reported in the prior art require the use 
of an organic solvent or adsorbent or are restricted to the purification of limited 

■ 

quantities of catechins. they are not easily transposatrie to the Industrial scale since 
fhey are not envlronmentaHy nor economically advantageous. 
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[jOOOq Therefore, it would be desirable to be provided with a method for purifying * 
catediins based on their size and electrical charge, that is economical and pollution 
free. 

SUMMARY OF THE INVENTiOW 

pooe] One aim of the present Invention is to provide a method for purif^ng a 
catechin from a solution. The method according to the invention comprises 
submitting the solution to an electrical potential in a redpient, wherein the electrical 
potential induces the catechins to move through an ion exdiange membrane 
arrangement. The membrane arrangement allows the selective enrichment of a 
seoond solution with the catediin. The present invention also provides the use of a 
uncharged membrane in a membrane arrangement (or ED and a method for 
redudng the electrical resistance thereof. Rnally« the present invention provides an 
^ectrodiatysls apparatus that .comprises an ion-exchange membrane aitangement. 
the latter comprising at least one uncharged memt>rane. 

BRIEF DESCRIPTIGW OF THE DRAWINGS 

[0010] Purser features and advantages of the present invention will become 
apparent fi^om the following detailed description, taken in combination with the 
appended drawings, in which: 

(0011] Figs, la and lb show altemative configurations of electrodiatysts membranes 
arrangements comprising anionic and UP membranes, respectively. 

P>012] Fig/ 2 js a curve of the pH of a green tea infusion as a function of 
etectrodialysis time with different ion-exchange membranes. 

[0013] Pig. 3 is a curve of the conductivity of a green tea Infusion as a function of 
electrodiaiysis time with different iornexchange membranes. 

[0014] Fig. 4 is a curve of the electrical resistance of a green tea infusion as a 
function of electrodiaiysis time With different ion-exchange membranes. 

piOIS] Rg. S is a curve of the EGC concentration (iigfmL) of a green tea infusion as 
a liinoHon of electrodiaiysis time with diffiefent ion-«Kchangs membranes. 
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100161 Fig. 6 is a curve of the Caf concentration (,ig/mg of a green tea.infiision as a 
tuncOon of electrodlalysis «me with different ion-exchange membranes. 

10017] Rg. 7 is a CUWB the EC concentration 0»g/mL) of a green tea infusion as a 
funcUm of eiectrodialysis fime vidth different ion-ewdiange membranes. 

PJOISJ Fig. 8 is a cuwe of the EGCG concentration (fig/mL) of a green tea infusion as 
a function of eiectrodial^is time with different ion-^change m^branes. 

[OOiq Fig. 9 is a cun/e of the GCG concentration Oig/mL) evolution of a green tea 
infusion as a function of eiectrodialysis time with different ion-exchange membranes. 

{OKcq Fig. 10 Is a cun^e of the ECQ concentration (|jig/mL) of a green tea infusion as 
a ftinetion of elecbodialysis time vttth different ion-exchange membranes. 

* 

DETAILED DESCRiPTIOM OF THE PRgFERRED gMBQDIMgMT 
[0021] The present invention provides a method for purifying a catechin from a 
solution by eiectrodialysis. The method of fte present invention is carried out by 
submitting the solution to an electrical potential in an elei^diatysis cell, where the 
electrical potential Induces the catechins to move through an (on exchange 
membrane arrangement This membrane an^ngement allovt^ the enrichment of a 
second solution with a catechin of Interest. 

(002^ The method of the present invention may be used to purify any catechin 
from a solution but is preferably dedicated to purify EGC, EC, EGCG. GCG or ECG. 
A sIdJied ar^n vrfll understand that the method may also find uses in the puilficdtion 
of charged catechin-like molecules, such as caffeine. 

PHSS] The membrane arrangement may comprise hom<^enous-type ion 
exchange membranes or an h^ogenous-fype ion exi^ange membranes. The 
membrane may be a strongly acidic cation permeable membrane, a strongly basic 
anion permeable membrarie (A), a strongly acidic cation permeable membrane (C) 
or a strongly basic anion selective mranbrane. These indude. but are not limited to 
the foliawing membranes: CIWIX. AMX, CL-25T, ClWH. CM.2, ACH-4ST. AM-1, A^/^2, 
AM-3, ACM. AMH. CMS. ACS. AFN. AFX. ACL E-5P, CLE-E, CG6-10F. CIMS, 

■ 
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CMH. C66-10F. AC$-3. CMB, AHA. CMV, CMO. AMV. ASV, ASO. AST, APS. OMV. 
cm. CAAS. AMT. ASS. AAV. AMP. AMD, DSV. AAV, HSV, CMD. HSF. A-101. Ap 
171. A-201. A-211, K-101. K-171. K-172. MC 3470. MA 3475, MC 3142, MA 3148. 
61 AZ L386. 61 AZ L38d. 61 CZ L386. 103QZ L386, 103PZ L386. 204SX ZL386. 
204U3 86C-60. C-103C. C^13. A-60. Ar104BR-4010. R-4035. R-IOIO. R.1035. CR 
61 AZL 065. CR 61 AZL 183. CR 61 CZL 183. AR 103 PZL 065. AR 103 PZL 183. 
AR 103 QZL 219. AR 111 A. CRP. ARP. N117, N801. AQ CA-01. AQ CA-02, AQ 
AA-06, PC Acid 35, PC Acid 70, PC 100D« PC 200O. PC 400D. BP*1. AQ-BA-06, 
AQ-BA-04 or NEOSEPTA® AXE 01. However, as catechins and gallated catechins 
harbor anionic charges, due to the presence of hydroxy! or ester groups, it is an 
embodument of the present Invention to provide a membrane arrangement that 
comprises at least one anion-exchange membrane, such as PC400 D, AFN or AMX 
aniofv^xchange membrane. - 

[0024] It i$ also an emtiodlment of the present Invention to provide a membrane 
arrangmient that comprise at least one membrane having pores of a uniform size 
such as dialysis, uHrafiJtiation or nanofiftration- membranes. Such membranes are 
preferably used since they can be selected accordir^ to the relative size of the 
molecule to be purifiedi contrarity to the m^ority of anionic or cationic membranes 
that comprise candom pore sizes, it is an embodiment of the present invention to 
provide a membrane having pores of a uniform size that is uncharged. It i$ also an 
emt>odiment of the present invention to provide a conditioned uncharged membrane. 
A conditioned membrane may be <4>tained by immersing a non conditioned 
membrane in a salt solution, such as a sodium chloride solution or a potassium 
chloride solution, for at least five (5) minutes, and more preferably for at least one 
hour. The use of condifioned ultrafiltration membrane, for example, provides an 
advantage over non conditioned membranes since it contributes to significantly 
reduce the resistance of the membrane and ttius, of the entire eleotrodialysis 
system. 

looaq The membrane arrangement of the present invention may comprise any 
arrangement of anions (A), cations (C). ions (i) and ultrafiltration (UP) membranes. 
For example, an electrodiadysis cell may comprises a membrane arrangemerit such 
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sSze of the pores of eai^ UF is 
adapted so as to enhance the separation of the different molecules. 

* 

100201 The first solution ftom which catechins may be purified may be a plant 
Infusion and preferably a tea infusion and more preferably a green tea infusion. More 
partcularly white tea leaves or green tea leaves are preferred since their EGCG 
content is the most interesting among plant products. The present Invention is 
however not restricted to tea products. -For example, fmits such as grape, apple, 
apricot . blackberry, or cherry or products derived from Scutellaria and bamboo! 
could be used as raw material to obtain EGCG. The second solution In which 
catechins are fbund after being subjected to the electrodialysis process is pr^erebfy 
a salt solution, more preferably potassium chloride solution and even more 
preferably a 2 g/L KCI solub'on; 

£00271 The present invention will be more readfly understood by referring to the 

following examples which are given to aiustrafe the Invention rather than to limit its 
scope. 

• EXAMPLE 1 

PURIFICATION OF CATECHINS FROM A GREEN TEA INFU3ION 

Material s and m^ods 

Materials 

(0(B8J The green tea was a non-blological Japanese green tea (lot 12423TKAJ 
obtained from local retailer La Giroflee (Quebec City. QC. Canada). n,e green tea 
was stored at room temperature in a dark and dry space. (->.Eplcatechin. (-> 
epigallocatechin. (.)^plcatechln galiale, (.)^pigallocatechlne gallate (-). 
gal/ocatecwn gaWate and caffeine standards were obtained irom S^ma Coinpany 
(Saint-Louis, MO, U.Si\.). - 

I002dJ Three (3) anionic and one (1) ultrafiltration membranes, all commercially 

available, were selected according to their physicoHa^emical characteristics (see 
Table 1). ^ 
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Tabte 1: PhysjcoKdiemfcal characteristics of the three anionic membranes and the 
ultrafiltration membrane. 



UP 1000 Oa AMX-SB 



AFN 



PC-400D 



Efectricai reslsfance 

Thickness (mm) 
Burst strength (kg/cm') 
Material 



N/D 



2.0^.5 



0^-1.0 



N/D 
C 



0,144).18 ai5^.18 
4.6-6.5 

Pofymerof 
po^dfvinyibenzene and 
polystyrsne 

Minimal reinforcement 



10 ' 

0.09-0.1 1 
4.0-5.0 

Nature non 
communicated 

Reinforced with 
polyester 



Methods 

ElectiiPdjafvsis conflouration 

C0030] The module used was an MP type cell (100 cm2 of effective electfx^de 
surfece) manufactured by ElectroCell (Taby. Sweden). The cell consisted of several 
compartments separated. by catlonic and tested membranes (Figure 1), The 
compartments defined three dosed loops containing the solution to be treated (green 
tea brewing), an aqueous potassium chloride solution (5g/L KCl) and an electrolyte 
solution (20 g/L NaCI). Each closed loop was connected to a separate external 
resen/oir to allow continuous recirculation of the solutions. The electrolytes were 
drculated using three centrifugal pumps, and the flow rates were controlled using 
flowmeters. The anode, a dJmenslonally-stable electrode (DSA). and the cathode, a 
316 statnless^steel electrode/ were supplied with the MP cell. The anode/cathode 
voltage difference was supplied by a variable 0-100 V power source. 

Protocol 

10031] The capaci^ of the difiierent membranes to enable the migration of catechins. 
was tested under the same conditions. Briefly. 20 g of green tea were brew^ in 
1000 mL of double^lstilled water to solubilize catechins since it provides the 
1:50 teazwater ratio suggested in the prior art . tea (eaves were brewed at 70'C for 
40 minutes in a thennostafed water-bath, quidd^ cooled down and stored at 4*C. 
until etectrodialysis experiments. 
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10032] Electrodialysis experiments were . performed in a batch process with a 
constant cun-ent density of lA. 6 liters of electrolyte and a 2.5 liter of gr$en tea 
infusion, for 1 hour The initiai pH of the green tea infusions ranged from 5.6 to 6.8. 
Samples of green tea infusions were taken before applying electrical current to the 
apparatus, and every ten minutes during the electrodialysis process. Anode/cathode 
voltage difference, conductivity and temperature were recorded throughout the 
process. Concentrations of catechins and caffeine were determined by HPLC on 
samples stored at 4''C. 

fiH 

[0033] The pH was mesured with a pH^eter model SP20 (epoixy gel combination 
pH electrode, VWR SjmnphonyX from Thermo Orion (West Chester, PA, U.S J\.). 

Conductivitv 

Conducfivity was monitored at 4''C using a YSI oonductixrtmeter (model 3100-1 15 V. 
Yellow Springs. OH) and an immersion probe (model 3417. kr^l/cm. YSI). 

w 

HPLC method 

[0034] The different samples of green tea infusion submitted to the electrodialysis 
process were filtered through a 0.20 inm filter (Aerodisc LCI 3 P\^F. Gelman 
Laboratory, Ann Arbor. Ml) and diluted with HPLC grade wsater to be analyzed. 
Standard cun^^es were calculated from a mix of flavanols and caffeine compounds at 
difliBrent concentrations: Connelations obtained ranged from 0.99808 to 0.99954. The 
RP-HPLC method was based on the National Institute of Standards and Technology 
method modified as follow : 

Column : YMC-Pack ODS-AM, pm. 12 nm 

Catalogue number : AiM-303. AMI 2S05-2546WT 

Dimensions and serial number : 250 x 4,6 mm LD.. 0425681 12(W) 

Gel lot 5531 

Guard-coiumn : YMC ODS-AM S-S 120A 4.0 x 20mm DC Guard Cartridge 

Partioule number AM12S050204WOA 

Serial number: 502312331 
Pump :Beckman, System Gold programmable solvent module 126 
Defector : Beckman. Sys^ Gold programmable detector module 116 
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Autonnjector ; LKB Bromma 2157 autosampler 
Software : Gold v8. 10 

Phase A : Water + 0.05% TFA (pur«y.> 99%. Laboratoire MAT. Quebec Canada) 
Phase B : Acetonitrile (HPLC grade. EMO Chemicals Ina. NJ) + 0.05% TFA (purity > 
99%. Laboratoire MAT. Quebec^ Canada) 

(003^ The detection of analytes was performed by UV detection at 210 nm. The 
column temperature was maintained at 40-C during analyses. Details on gradient 
used are listed in table 2. The mobile phases were filtered through a 0.2 Mm nylon 
filter (Mendel Sdentiiic Compagnle, Quelph, ON, Canada). 

Table 2: Gradient used Ibr HPLC analysis 



Timid (min) 


%B 


0 


12.0 


22 


20.0 


32 


100.0 


42 


12.0 



statistical analysis 

lOOaqThe experimental design is a complete randomized design with three 
lepetillons. Data were subjected to an analysis of variance (ANOVA) using SAS" 
sofwaiB (Enterprise SAS Guide. Cary. NC. U.S.A). Muitipfe comparisons tests (LSD) 
(lowest significant test) were performed to determine the significance ^differences 
between membranes tested. ■ 

Results and discussion 

m 

100371 According to the variance analysis results, there was a significarTt effect of 
membrane type (P<0.001). duration {P<0.001) and dual interaction between 
membrane type and duration (P<0.001) on the pH throughout ED process (Rg. 2) 
The LSD tests showed that the dHferenoes observed with the different membrane 
types are s^nificanf (P<0.001). The pH varied similarly with the three anionic 
membranes, decreasing rapidly fifom an average value of 5.47 at the beginning to 
2.92 after 30 minutes of treatment, to remain constant at an average value of 2.80 
until the end of the ED process. Conlrariiy. the pH Increased in a linear fashion fiom 

« 
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5.42 at the beginning to pH 6.54 after 60 minutes of efectrodialysis process vwlli the 
UF-1000 Da membrane. 

• » 

Conductivity 

10038] According to the ANOVA results, there was a significant effect of the 
membrane type (P<0.001) and duration (P<0.001) on conductivity evolution during 
ED tieatment. There was also a significant dual>interaction between membranes 
type and duration (P<0.001) (Fig. 3).The LSD tests showed that ED treatments 
according to the type of membrane used were s^nificanUy different (P<0.001). 

10039] For the AFN and AIWX-SB membranes, the evolution of the tea infusion 
conductivity was identical. It decreased rapidly from an averaged value of 742.00 
(iS/cm. at the beginning, lo 463.50 pS^cm after 20 minutes of process. Then, tea 

83 fiS/cm after. 30 minutes and remained 
constant at an averaged value of 536.20 pS/cm until the end of the ED process. The 
PO400 Oa membrane has a behaviour that is verysimilar to other anionic 
membranes but showed a lower average conductivity value fbr tea solution at the 
end of the process, its conductivity decreased rapidly firom an averaged value of 
739.00 |iS/cm. at the beginning of the electrodialysis. to 423.00 yS/cm after 20 
minutes and then reached an average value of 448.25 pS/cm until the end of the 
treatment At the opposite, tea conductivity increased in a linear fashion with the the 
UF-1000 Da membrane, from 701.33 pS/cm at the beginning to 766.33 mS/cto after 
60 minutes of ^ectrodialysis process. 

System resig^^n^^ 

(00401 According lo the ANOVA results, there is a significant effect of the treatments 
on the system resistance during ttie ED process (P<0.001). System resistance is 
mfluencea by the type of membrane used and tiie ED treatment duration because of 
tiie significant interaction between them (P<0.001) (Rg. 4). The LSD test show ttiat 
ttiere are significant differences between the ED treatments (P<0.001). 

[00411 The evolution of the system resistance evolution was very similar for 
PO400 Da and the AMX-SB. System resistant^ increased Itam an average value 
of 41.63 « when current was applied at Ute ve^ beginning of ttie ED process to a 

m 

m 
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value of 58.83 Q after IS fninutes. to remain constant until the end of the treatment. 
The system resistance increased from 28.33 n at the beginning, when current was 
applied, and then increased in a linear fashion to reach a value of 38.33 SI after 
60 minutes of treatment with AFN membrane. The UF-iooo Da behaviour was 
different liom the anionic membranes. System resistance Increased liom 0 £2 at 
0 minute to 53.67 Q when cunenl was applied and decreased in a ttnear fashion until 
a value of 47.00 o was reached at the end of the treatment 

[004q A deminerallzation occured during the elecfrodlalysls process with the three 
catlonkrfanionic configurations. This deminerallzation increased the overall system 
resistance. However, the AFN system resistance is lower than the two other 
membranes. This is due to the lower electrical resistance of the AFN membrane, 
0.4-1.5 Q-cm2 CTable 1). For the cationic/UF configuration, the migration of 
K+ cations to the tea oompaitment to keep the electroneutrallty of the solution during 
the process likely contributes to slow down the decrease of the system resistance. 

Catechlns and cafffeine 

r-V^oifiall ocatechiq ( gftr:) 

[0043] For the EGC. a membrane effect was observed (P<0.001) as a treatment 
duration effect (P<0.030) so a dual interaction of membrane and duration effect was 
obsen^ed (P<0.001). A second order equation was used to modelized the EGC 
migration behaviour (Fig. 5). There was a low concentration vanation for the three 
anionte membranes, but the EGC concentration decreased by 50% with the UF-1000 
Da membrane. Indeed, the EGC ooncentratkm decreased iinearty .from 1012.53 
pg/mL at 0 min to 968.76 at 5 min. 943.95 pg/mL at 10 min. 878.06 ng/mL at 20 min. 
787.31 pg^mL at 40 min ami finally 518.27 pg/mL at 60 min. in the case of the 
UF-1000 Da membrane. 

■ 

CafiBeine (Caf) 

e 

Wm] A membrane effect was obsen/ed on caffeine (P<0.001) migration, but no 
duration effect has been detected .(P>0.722). A linear equation was used to 
modelized the cafRsine migration behaviour (Rg. e). Results show there was no 
significant variation of caffeine concentration during the electradialyals process. An 
average value, during the entire treatment, of 331.00 pg/mL with the AFN 
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membrane. 353.18 ng/mL with the AMX-SB membrane, 292.44 ng/mL with the UF- 
1000 Oa membiane and 346.05 pg/mL virtth the PC-400 Da membrane was 
observed. Caffeine seems to remain in the tea compartment 

f-VEoicatech'in (EC) 

m 

[00451 A membrane effect was observed on EC migration (F><0.001) but not with 
duration (P>0.723). A JInear equation was used to modelized the EC migration 
behavior (Rg. 7). No EC concentration drop has been observed with the AFN. AIWC- 
SB and PC-400 Da membranes. Apparency, EC concentration decreased Wim the 
UF-1000 Da membrane toward 40 minutes, but this is not statistically ^gnifiant. 



[004q A membrane effect (P<0.001). a slight duration effect (P>0.066) and dual 
effect (P>0.079) were observed on the EGCG migration. A second order equation 
was used to modelized the EGC migration behaviour (F^. 8). A very low EGCG 
concentration van'ation for the eiectrodialysis treatments was observed with AFN. 
AMX-SB and PC-400 Oa membranes while a very high EGCG concentration 
variation, around 50%. was observed with the UF-1000 Da membtand. So EGCG 
concentration with the UF-1000 Da membrane decreased from 891.92 pg/mL at 0 
min to 825.82 ng^mL after 5 min. 861.57 ng/mL at 10 min. 865.91 ng/mL at 20 min. 
679.75 Mg^mL at 40 mfti and finally 445.70 |ig/mL afl^ 60 mfn of treatment A 
migration delay was noted with EGCG. Indeed, it seems that EGCG eiectrodialysis 
effectively began after 20 minutes of process, flie EGCG concentration sta^ng 
relatively constant in the 20 first minutes and after the beginning of its finear 
migraHon. 

f-VGallocat echfn aaliate (Qftfi) 

[0047] The GCG elet^odial^is showed a membrane (P<0.001) effect but no 
duration effect (P>0.626) was Observed. A linear equation was used to modelized 
the caffeine migration behavior (Rg. 0). According to the GCG low concentration, 
very few Jetton were observed, whatever tmembrane type was used fbr the 
treatment. QCG variation during the treatment with the UF-1000 Da membrane was 
around 14%, but the appreciation of this decrease was difiicuit due to ttie high 
standard deviation values. 
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(-)-Eplcateehin galfate (ECG) 

lOOASl For the ECG, a membrane effect (P<0.001) was obsenred but there was no 
notioeabie duration effect (P>0.209). A second order equation was used to 
modelizBd the ECG migration behavior (Fig. 10). There was a very low ECG 
concentration variation during the treatment with the anionic membranes as with the 
UF-1000 Da membrane. The concentration variation between the treatment 
beginning and the end was not significant Although there is no statistical signtficani 
difference for UF membrane, a slight decrease in ECG concentration after 
30 minutes could be observed for a possible migration around 35%. 

£0049] According to the results, the three anionic membranes do not show a 
statistical significant migration potential for the green tea catechlns. AFN and AMX- 
SB membranes do not possess any pores that might allow the migration of organic 
moleojles as big as catechins. which have a molecular weight of sq^roximately 
300,000 Da. No significant migration of catechins was observed PC-400 Da 
membrane, even if it comprises pores that theoretically allow ttte passage of 400 Da 
molecules. This particular o^sen/afion could be explain by the green tea aeidHication 
during the etectrodialysis process that contribute to increase the catechins cationlc 
charges and thus, to decrease the electrodfalysls potential trough such an anionic 
membrane. 

lOOSO] For the UF-1000 Da membrane, an EGC and EGCG migration of S0% was 
Observed after 60 minutes of treatment, in the case of GCG. a non statistically 
significant migration of approximately 14% was observed. ECG concentration seems 
to be decreased from 36% after 30 minutes of treatment and EC seems to be 
decreased after 40 minutes. This decrease is however not statistically significant No 
caffeine migration was obsenred with the UF membrane. The green tea basificaUon 
during the treatment increased the catechins anionic charges and thus, increased 
the migration potential through the UF-1000 Da membrane. Moreover, the 
appropriate size of the UF-iooo Da membrane apertures enables the catechins to 
freely migrate through it. This is tiie first demonstration tiiat an electrodiaiysis 
mettiod can be used as a m^od fbr purifying catechins. 
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lOOSilWt^le the invention has been described in connection with specific 
embodiments thereof, it will be understood that it is capable of further modifications 
and this application Is intended to cover any variations, uses, or adaptations of the 
invention following. In geneii^i. the prmcipies of the invention and including such 
departures from the present disclosure as come urithin known or customary practice 
within the art to which the invention pertains and as may be applied to the essential 
features hereinbefore set forth, and a? follows In the scope of the appended claims. 
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WE CLAIM: 

* 

1. A method for purif^ng ,a catechin from a first solution «iat comprises 
mounting an Ion exchange membrane arrangement in a recipient 
placing ^fd first solution in said recipient submitfing said first solution 
to an electrical potential in said recipient while said first solution is in 
said recipient, applying said electrical potential under conditions 
effective to induce said catechin to move through ^id ion exchange 
membrane arrangement in said redpient said membrane arrangement 

■ 

having means allowing selecGve enrichment of a second solufion with 
said catechin present therein at increased concentration. 

2. The method of daim 1, wherein said membrane arrangement 
oomprfses at.least one anion-exchange memt)rane. 

3. The method of daim 2, wherein said at least one anion-exdiange 
membrane is a PC400 D, AFN or MUX anion-exchange membrane. 

4. The method of daim 1. wherein -said membrane arrangement 

comprises at least one membrane having pores of a uniform size. 

« 

* 

« 

5. The method of daim 4. wherein said membrane having pores of a 
unifonn size is a dialysis, an ultrafiJtration or a nanofiltration membrane. 

6. The method of daim 4, wherein said membrane having pores of a 
uniform size is an uncharged membrane. 

7. The method of daim 6, wher^n said uncharged membrane is 
conditioned. 

8. The method of claim 7. wherein said conditioned membrane has been 
conditioned In a salt solution for at least five (5) minutes. 
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9- The mettiod of claim 8, wherein said salt solution is a sodium chloride 
soiution or a potassium chloride solution. 



10. The method of daim 1. wherein said catechin is EGG, EC, 
GCG or EGG, 



1 1 . The method of daim 1 , wherein said first solution is a tea Infusion. 

12. The method of daim 11. wherein said tea infu^on is a green tea 
infusion. 

1 3. The method of daim 1 , vrfierein said second solution is a salt solution. 

14. The method of daim 13, wherein said sait Mlution is a potassium 

chloride solution: 

15. Use of a membrane having pores of a uniform scze in a ion-exchange 
membrane arrangement for electrodialysis. 

1 6. The use of daim 1 5, wherein said membrane having pores of a uniform 
size is a dialysis.' an uHrafiltratlon or a nanofittration membrane. 

17. The use of daim 15 . wherein said membrane having pores of a 
uniform size is an unchanged membrane. 

.1«. The use of daim 17, wherein said uncharged membrane is 
conditioned. 

19. The use of daim 18. wherein said conditioned membrane has been 
conditioned in a salt solution for at least five (5) minutes. 

20. The use of daim 19. wherein said salt solution is a sodium diioride 
solution or a potassium diloride solution. 
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■ 

21 . A method for reducing electrical resistance of an uncharged membi^ne 
that coniprises . condifioning said uncharged membrane in a satt 
solution for at least five (5) minutes. 

22. The method of claim 21 . wherein said salt soiutioh is a sodium chloride 
solution or a potassium chloride soiuBon. 

23. An electrodialysis apparatus that comprises a container for a liquid, 
and an ion-exchange membrane arrangement mounted therein, 
wherein said membrane arrangement comprises at least one 
membrane having pores of a uniform size. 

24. The electrodialysis apparatus of claim 23. wherein said membrane 
having pores of a uniform* size is a dialysis, an ultrafiltration or a 
nanofiHration memtsrane. 

25. The electr<xlialysis apparatus of claim 23. wherein said membrane 
having pores of a uniform size is an uncharged membrane. 

26. The electrodialysis apparatus of daim 25. wheiBin said uncharged 
membrane is conditioned. 

27. The electrodialysis apparatus of claim 26. wherein said conditioned 
. membrane have been conditioned in a salt solution for at least five (5) 

minutes. 

28. The eleetrodieriysis apparatus of daim 27, wherein said salt solution is 
a sodium chloride solution or a potassium chloride sofu&on. 
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ABSTRACT 



The present invention provides a nnethod for purifying a catechi'n 
from a solution by electrodialysis, using a membrane arrangement the comprise 
at least one anion exchange membrane or uncharged membrane. The present 
invention also provides the use of a uncharged membrane and a method for 
reducing the electrfcal resistance thereof. Rnally, the present invention provides 
an electrodialysis apparatus that comprises an ion*^cchange membrane 
anrangement. the latter comprising at least one undiarged membrane. 



-18- 



Copy provided by USPTO from the IFW Image Database on 04/19/2005 



27/02 2004 15:11 FAX 418 640 1500 



OGILVY RENAULT 



@02d 



Fig. 1 
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Fig. 4 



75 
70- 
^ 65- 
M 60- 

§ 5o^ 

CO 45 
& 

7S 35H 



30 - 
25 - 
20- 
16- 
ID 



0 




UF-IOOODa 
AFN 
AMX-8B 



T" 

5 



10 



— r- 
15 



20 



— 1— 
25 



30 



35 



— I r- 

40 .45 



50 



55 



60 



Time (mfn,) 



Copy provided by USPTO from the IFW linage Database on 04/19/2005 



27/02 2004 15:1 2 FAX 418 640 I Son 



• 



OGILVy RENAULT 



Q|02? 



Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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